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[57]  ABSTRACT

An input data signal, in which n data words W to W,
and two check words P and Q are treated as one data
block, is processed by P and Q decoding circuits. The
decoded data S; and Ti—(n+ DS, from the decoding
circuits are added to each other in an adder to generate
S1+TH7+1DS; which is in turn selected by a gate circuit
In accordance with a selection signal. The selection

‘signal is supplied from an M matrix generator (MG)
embodied. as a linear feedback shift register for

H(x)=X™+ X8+ 1. The initial value of the linear feed-
back shift register is set in accordance with the error
word data derived from an error word control circuit
and the order of the data to be decoded. The decoded
data sequentially selected from the gate circuit are

‘added by an adder to be the data W/, to be decoded,

while at the same time those are added to the S; by an
adder to be the data W;, to be decoded. The data W,
and Wi is added to the corresponding data words W;
and W;of the input data signal having passed through a

one-block delay circuit by an adder, whereby the error
data are corrected.

4 Claims, 12 Drawing Figures
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1
ERROR DATA CORRECTING SYSTEM

'FIELD OF THE INVENTION

The invention relates to an error data correcting

system adaptable for a system for transmitting, record- :

ing and reproducing digitized information signals by
PCM (pulse code modulatlon), for example, and, more
particularly, to improvements over an M matrix genera—
tor used in the error data correctmg system.

BACKGROUND OF THE INVENTION

10

In an error data correcting system of this type, whlch' ':

‘has been proposed heretofore in this field, n data words

W1 to Wn each containing m bltS addltlonally include a
first check code

as the sum of bits correSpondmg to the data words and
a second check code -

(P—- 2 cWr

r-—-l

as the sum of the bits correspondlng to the signals gen-
erated through the operation of a polynomial
Xm-- X8+ 1 by an auxiliary matrix (T). The error data
-correcting system can correct the error words up to
‘two words by using an M matnx generator for decod-
ing.
~ -AROM (read only memory) has generally been used
- for the M matrix generator for decoding, because of the
time restriction in the decoding process. L
In the case of an audioc PCM recorder known as a
record/reproduction system, for example, one word
includes 12 to 16 bits, generally. If the error data cor-
rectmg system is apphed to such a system, the memory
_capaclty of the ROM used must be considerably large
- and an address counter to control the ROM is further
needed. The overall system accordingly is complicated

1 the circuit construction. Addltlonally, the number of

components necessary when the c1rcu1t is fabncated by
LSI technology, is enormous :

-OBJECTS AND SUMMARY OF THE
| INVENTION o

Accordlngly, an ‘object of the invention Is to prowde
an error data correctin g system which uses as an M
matrix generator for decoding, a linear feedback shift
reglster of H(x)=Xm4 X8
the size of the system and high-speed processing of data.
~ Another object of the invention is to provide an error
data correcting system with an M matrix generator for
decoding which permits a greater decrease in the num-
ber of elements necessary for an LSI versvon of the
circuit. B |

Accordmg to the invention, there is prowded an

1 allowmg a reduction of

15
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n |
(P= 3 cWr)
r==1

generated by adding the bits corresponding to the data

- words and another cheek code

= E 07(""‘1) r Wr
r=1

generated by adding the bits corresponding to the sig-
nals formed through the operation by an auxiliary ma-
trix (T) of a polynomial X7+ X€+ 1, and wherein error
words are corrected by using an M matrix generator for
decoding. In such a system, a linear feedback shift regis-

- ter for H(x)=X"4X8+1 is used for the M matrix gen-

20

erator for decoding. An initial data generator circuit

‘sets the initial value of the linear feedback shift register

to values necessary for decoding a specific data of the

data to be decoded (al, a2, . .. ag, . . . a,) or the values

~ obtained by shifting the former values by one shift posi-

25

30

tion in the reverse direction by the linear feedback shift
register. By shifting the shift register in such a manner,
the contents left therein are sequentially outputted and

‘employed as selection signals from the linear feedback

shift register, starting from the initial value or the value
after an initial reverse shift.

Such an arrangement obviates the necess:ty of pro-
viding a larger-capacity ROM, address counters, etc., as
in the conventional system and permits the provision of

- a simpler, high-speed, LSI version of a system with a

35

drastic decrease in the number of elements.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and features of the invention will be

- apparent from the following description taken in con-

45

50

35

60

nection with the accompanying drawings, in which:
- FIGS. 1 to 3 illustrate schematic diagrams of shift
registers useful in explaining the principle of the data

correcting system of the present invention;

FIGS. 4 and 5§ illustrate schematic diagrams for ex-
plaining the principle of an error data correcting system
according to the present invention;

FIG. 6 shows a block diagram of an error data cor-
recting system according to the present invention;

FIG. 7 shows a block diagram of an M matrix genera-
tor for decoding and a decoding section used in the
circuit shown in FIG. 6; and

FIGS. 8 to 12 show block diagrams of other examples
of M matrix generators for decoding.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The principle of an error data correcting system in-
volved in the present invention will first be described.
1t 1s assumed that n data words and two parity check
codes are expressed below and each data word is com-

- prised of m bits.

65

error data correcting system in which a group of n data

‘words W1 to Wn each including m bits has addltlonally
‘a check code .

£ Q

Wi, WZ, ... Wn
"Data words | 'Check words

Here codes P and Q of the check words are expressed |
by -
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n ]
P = EloWr=W1$M$ ..... P Wn ()
JF=
n 2
Q= X oTut+th-rp, (2)
r=1
=TW & 7T 1w & ?”’"‘ZW;;.....@TWH

The parity check matrix of those codes is

H
'-—--—-ﬁ-_—__...‘

I 11 IIO
H
mm-lror
where T 1s a Q generator matrix and I is a unit matrix.

This will be further described. Rewriting the equa-
tions (1) and (2), we have | |

1 (3)
PO 3 oW =0
=

N
Q @ r__'z_:] o Tt D—ryy, = 0

(4)

When the ith and jth data are dropped, the solutions
of the equations (3) and (4) are not “0” but syndromes
S1and S; given by equations (5) and (6). Assume again
that the original data words are expressed by Wy, W, .
(W) . (W) ... Wyand the data words of which the
ith and the jth data are dropped are expressed by W'y,
Wir...(Wp...(W)... W'y, and that W';=W;4+ W,

=W+ Wj, and W'=W.

£ (5)
P@rEIﬂW?’=Sl e |

6
O D E 0 T(n-{-l)—rWr: Sy (6)

r=1

Further
n | (7)
PO 2 oWr=Wie® W =S5 |
n _ . (8)
od X T(n+l)—kwr — T(n—f—l)—:pyfe D ](n+1)—ajpp}£_

r=1
= 5

From the equation (7), we have
Wie=S1D Wje 9
putting the equation (9) into the equation (8), we have
Sy=T0+ D= (S1 QW) T+ D i), | (10)
This equation can be rewritten as
=t DS =S1@W;e® T~/ W) (11)
S1@T (" NS, = W@ T'—/Wj=(I@ T—HW; (11)
and hence

Wie=(I®T )~ 1(S19T~(n+1Dg;) (12)

Wie=381 %e (13)

As seen from the equations (12) and (13), the data
dropped may be decoded by using the syndromes S and
S2. The data words, when decoded, are W;+W ;. and

d
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4
W;+4 W, and therefore if W;. and Wj, are decoded, the
ith and jth words W;and W; may be decoded.

In this way, the correct original data words W; and
W; may be decoded through the decoding of W/, and
Wj.. The system according to the present invention to
be described below relates mainly to the generation of

Wi, and Wp. |

Another decoding method may be considered. That
1s, when S and S; are evaluated, information words are
not all added together, but only the data words other
than the error words are added together and W;and W;
are directly decoded with the definitions S'1= WP W,
and "= T+ D—iW, QT+ D—iW; |

The former decoding method in which the error data
word 1s corrected with the definition

N
P 4 EloWr=Sl
F=

and

, .
0+ 3 oT+D=rw, =5,

will further be described in detail. In the description to
be given, it is assumed that there are six data words in a
group of N words, that each word includes 4 bits, and
that the T matrix is given by

CO O
O =00
—_0 OO
. OO =

This matrix -is an auxiliary matrix of a polynomial
1-+x-+x4 Accordingly, if B=TA, the signals of the
respective 4 bits are

bl=ad, b2=alda4, b3=a2, bd4=2a3

Such a T matrix operation will be understood when
considering Galois field GF(24) formed by a polynomial
ring with F(x)=x4+x-+1 as a modulus polynomial.

X4x41=0, x*=x+1

x(al +a2x +a3x?+ a4x3)=alx +a2x?+a3x3 +adx-
4=a4 +(al +ad)x+a2x? +a3x>

From the above-mentioned equations, it is seen that
bl=a4, b2=al-+}ad, bd=a2, and b4=2a3.

Such an operation may be performed by using a shift
register arranged in the form of a polynomial as shown
in FIG. 1. | |

When data A is first loaded into the shift register and
it 1s shifted by one, the T matrix of the data A is oper-
ated. When the data A is shifted by n the matrix be-
comes, T"A.

The check codes P and Q of the data words Wi to
W thus obtained are

6 (14)

P=rEIaWr= Wi Wrep... D W
6 . (15)
Q= 3 oT'—'W,=TW & T°W; b TWsg



S 4320510 o .
| 5 . 6
Here, the P code is formed by addltlon of blts corre- o -

sponding to the respective words Wy to We. The addi-  S1=W;. QWi -
- tion 1s represented by @, the rlng addition exeluswe OR | -
~of the corresponding bits, that is to say, the addition of Sy=TW1. DT W,
mod 2. The Q code is generated by the data matrix 5 e
operated by the shift register shown in FIG. 1. - S‘T;;mm'@bq; hs=arPa1Das®Db3; Dby

In the correctmg method as described above, data o | o

errors occurring in up to two words in the data words !y — (gt >
Wito We, will not prevent data words W] to W6 may be - 93=a3®bs h=a10a:009019bs

completely decoded. 10 o o _
- From the equatlons (12) and (13) we have T 82=ax®by m=a:DaPb1Dbs

me-slew}e U e S1=a1®b hi=a30a:biDb;
Wie=(OT;-)~ 10T 7S) - an s =78, obtalned is
when Sl@T’—752 'm, the equation (17) is rewrltten as '7'“752 T-08;= T‘ﬁ(T{’WIe@TS W)= WH-@T'I'
below | | | - P2
We=UDT-H-YS1®T-S)=Mkm (18) 20 Therefore, if
whe_re o . . . | o o | | | | T_652=[11. h, B, 14]
~In the equation (19) k=j—i B Y = l4=a4®br
When there are six data words, Mk 1ncludes Ml to M5 h=a3@b
- It is for this reason that an M matrix generator is 3= _ 4
generally used for decoding Wi and Wj. Commonly, b=a,®b3
- such data have not had predictable values and a restric- o |
tion has been placed on the decoding process. For this 30 o _g@bes
reason, it is common practlce that the matnx has been - |
stored in a ROM. | ' ' Let us obtain m, i.e. S +T-682
- The operation of T—" may be made by 1nvert1ng the 51@7‘—632- Wie® Wz,,@T— Wie=Wae®T— W3,
~shift register shown in FIG. 1 in its. conneetlon, and .
shifting the one n times. When the T matrixisusedasan 35  S187-%=W2.0T~ Wy,
auxlllary matrix of the polynomlal 1+x+x4 M] to Ms | | S
are - o o T ’"4"_"54@61
. o o mmheb
1111 0101 {1001 40 B '
M ] 10001 L 1111 A} 1101 i ; my= 02803
1100 ™fo111 S1oo11 |
1110 1011 - joo1o | m=b1©6®b1
0100} ~-j1011 4 where o
B A .
f1001 0111 m=[my, my, m3, mg]. '
= B < From the equation (18), Wy.=Mk-m
- The actua] ﬂow of the decoded data will now be ! Wae=UOT-H~U(S1 DT 259)

further described in detail. Assume now that data words 50 - | o
W) to W3 of the W1 to Weare erroneous. Smce i=1land  Here M; of the M matrix is used for (1§ 7T—1)-1.

J=2, k=1 by the equatlon k—]—-z S When mj to mj3 of those m4 to mj are all summed,

First . | S o R
.'W2e=M1(Sl@T‘ESzJ_ o - - '-Ei mr=by @b ® b2 ® by Dby = by
 Wie=S10W2

o . e o Accordmgly, bg may be decoded
and 1f R S -~~~ Similarly, b3 is decoded by m; and mz, bz by mji; by by'
o A B 60 Mi1to my. Wiy,=Mm and M is already known as de-
“scribed above. Therefore, by multlplymg Mj by m, Wy,
- may be decoded.

Before proceedlng with the description of M1 to Ms,

=) '"[S’ 1 S'z’ 5'3 4]

So=lh1, by ha h L

Wleg[a,,' az', as M. E _ | | . ~ the eperation_:t)fthe Galois field will be described. Also
' . g5 in this case, the Galois field GF(24) is formed by the
sz__ [bl b,, by b4] . o R pOIy'nomial ring of _whi_ch the modulus pelynomial is

“we have
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F(x)=x%+x+1. The expression of the Galois field
GF(2%) is tabulated in the following table.

Exponent of denear coupling Vector
a of 1, a, a?, a? . expression
— 0 0000
a? 1 1000
al a 0100
a? a? 0010
o’ ol 0001
ot 1l + «a 1100
a? a + a? 0110
ab a? + al 0011
a’ l 4+ a 4+ al 1101
ab 1 + a? 1010Q
o’ a + a’ 0101
a1V l + a + a? | 1110
all a+ a + ad 0111
al? l + a + a2 4+ a? 1111
al3 1 a? + o3 1011
al4 1 a’ 1001

In the table, a is a root in the Galois field GF(24) of
x*+x+1. As seen from the vector expression, the mul-
ttplication of a’/by a is performed in a manner that the
vector expression of al is set in the circuit shown in
FI1G. 2 and 1s shifted by one time. Accordingly, the
multiplication of a’ by o/ is made by shifting it j times..

A circuit for effecting a division by «, that is, the
circuit for effecting a—1, may be realized by inverting
the circuit in FIG. 2 in its connection. Here, if
x*+x+1=0and x=1/y, we have y“4+y—1+ 1=0if it
is multiplied by 4,

y*+py34+1=0 (20)
In this version of the equation, apparently, al3=a0,
Further, a(1+a3) a+a*=1 and, therefore, it is seen
that a—1is equal to al4.
If a dividend a'=(a;, a3 a3 aq)= a1+a2x+a3x-
2+a4x3

alg—1 = (a1 + arx + a3x2 + a4.x3) (1 + x3)
—-a1—l—agx—|—a3x +ﬂ4—x +a1x3+a2x +a3x +
agx® = (a1 + ay) + azx + agx? + a1x3

(21)

When F(x)=x%+x3+1 is a modulus polynomial,

xt=14x3

(22)

ala=! = Bif = (as + ax + apx? + a1x3)x

asx? + azx? + -a1Lt4

— &'4_1‘
= aj + asx + a3x? + (a1 + apxd

As seen from the above, the division is made by the
inversion of the circuit. The circuit divided by a is
shown in FIG. 3.

In view of the above-mentioned points, the M matrix
in the equation (18) will be described.

Wie=(10T N~ YS19T-78y) (23)
where
S1+ T 7S3=(my, my, m3, '
mg)=m1+mox+m3x?+ myx3 (24)

In this case, 1 and j each range from 1 to 6 and accord-
ingly i—j=—1to —5.

10

15

20
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30

8
When considering this in the Galois field GF(24) with

the modulus polynomial of F(x)=x4+x3+1,
S1+ T8y = mg + m3x + myx? + mx3 = B; (24)
Wie = (I + B9~18,
k=1~5)
when & = 1,
. 4 3 (23)
S B S _______x 1 X 3
(1@ BH T = e = x
Wie=x (m4 + mgx + mzxz + mlxg (26)
= qu + m3x* + mz.x + mix
--qu +- HI3+HI3X +m2+m2x+m2x3+
my| +mix + mx® + mx3
= (my + my + m3) + (m] + ma)x + mx2 +
(m1 + my + m3 + mg)x3

Rewriting this into a linear coupling of the Galois field
with the modulus polynomial of F(x)=x%+x+ 1,
we have

W;e—(m1+m2+m3+m4)+m1x+(m+mz)x2+(m-
1+ma+m3)x

(27)
It is seen that the equation (27) is equal to the M matrix
(or the vector diagram) of the M matrix.

Similarly, when k=2,

R )

CEE

x3

1)

When the vector at this time is obtained, it is equal to
the M7 matrix of the M matrix.

When k=1, the multiplication of x3 is made in
F(x)=x%+x3+1. To be specific, S;+ Ti—7S, is set in the

5 circutt of FIG. 3 at an inverse position and it is shifted

40

43

30

35

60
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three times. The signal remaining in the shift register
after the shifting three times is Wj.

When k=2, the shift register is shifted six times.

In 1nvestigating the Galois field GF(24) with the
modulus polynomial of F(x)=x4%-+4x+1, from the equa-
tion (23), we have

Wie=(I @ T~ 1(m]+:':i'zzx—i-ﬂ'ﬂvapﬁc +m4.x3) (29)
=(+a ‘)‘“ (m1+mzx+m3x +m4x)
=(1+1+x)“' (m1+m2x+m3x 4+ mgx3)
= (x

HN~1(my + max + max? + maxd)

&t X
(x)3

(1 +x+x2+x3)(m1 + mox + m3x? +m4.x)

(my + my + m3 m) + mix + (my + my)x?

+ (my + my + ms)x

(m1 + max + max? + myx3)

Accordingly, the equation (29) is equal to the equation
(27).

In other words, (S1DT7—7S3)=(m1, ma, m3, my) is set
in the shift register shown in FIG. 2 and
(1+x+x2=al?)is shifted therein 12 times. At this time,
the data left in the shift register is W, as seen from the
above-mentioned table.

As seen from the foregoing description, the decoding
may be performed on the basis of the polynomial which
the matrix T depends on. Accordingly, it is evident that
the decoding may be made by the shift register con-
nected in the polynomial manner.

As seen from the foregoing description, it is apparent
that the vector space in the Galois field GF(24) with the
modulus polynomial of F(x)=x*+x-+1 develops the T
matrix, the M to Ms matrixes and a T—! matrix to be
described later.
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9
“In the operation of 7—1, F(x)=x4+x3+1 is used and
this is a reciprocal polynomial for F(x)=x4+x+1. Fur-
ther, it is evident that the view of the position of the
original data is merely inverted. o
. Further, it is apparent that, when each data is com-

prised of 4 bits, the polynomial is of the fourth degree,

and when the operation circuit is implemented by a shift
register decoding the polynomial requires 15 shift oper-
ations. That is, the operation of two elements a and.b
allows the maximum 15 shifts when the operation cir-
cuit 1s a shift register.. |

10

Moreover, when the operation circuit is embodied as -

shift registers, if the degree of the polynomial is large, it

18 necessary to shift the shift register by 212 to 214, 50 -

that the decoding operation.takés a long time. When
data 1s transmitted by PCM or the like, time for the
decoding processing is limited. It is for this reason that
the M matrix for decoding, such as the M; to Ms ma-
trixes, are loaded into a ROM (read only memory) and
are sequentially read out to select the signal
S1+T/~+1S; and decode it. A ROM capable of ade-
- quately performing in this manner is a physically large
hardware element. = S |

The explanation to follow is how a data correcting

method is applied to an error data correcting system
according to the present invention. - |

As described above, the check code Q depends on the
auxiliary matrix of the polynomial X7+ Xg+41. It is also
seen from the foregoing description that the M matrix
to be corrected is on the space vector generated in the

15

25

10
signal for the bzand a; combination to that for the bs and
a; combination. | |

In this manner, the column bj is obtained. Similarly,
the column bz may be obtained. | |

This relation may be expressed in'terms of a circuit, as

‘1llustrated in FIG. 5. This circuit is a_linear feedback

shift register of H(x)=x%+x+1.
In the circuit of FIG. 5, when 0001 is set in the shift

register and is shifted four times, the vectors thereof are
tabulated below. o

| ajapaza4
bi"4shift 00 11
by’ 3shift 1001
by 2shift 0100
by 1shift 00 10
0001

Comparing this with the T matrix rewritten as men-
20

tioned above, only the columns by’ and by are different
from each other. Since the signal for the b; and a4 is the
sum of the signals for the bsand as, and b and a3 combi-
nations, the signal for the bj and a3 combination must be
the sum of the signals for the bs’ and a3 combination and
the by’ and a4 combination. Accordingly, it is evident

- that the column b; may be obtained by adding by’ and

30

Galois field (2) with the polynomial of x”4+-x8+1. For

~ this reason, with the initial value set to a given value,

- the M matrix for decoding is generated by an M matrix
generator implemented by a linear feedback shift regis-
ter designed to output H(x)=Xm4 X¢+ 1. However, to
perform the matrix operation, the data generated by the
linear feedback shift register must have already been
generated. -~ . = - |

This will be described in detail by rewriting the T

matrix as below.

gFeew

In the T matrix thus rewritten, column a employs
F(x)=x%+x+1 as a modulus polynomial. Accordingly,
in the circuit shown in FIG. 4, only the register 1 is set
to “1” and then when it is shifted by one, the column aj

ba'. - |
With respect to the development of vectors, the same
thing is true for the selection matrix for the M matrix
decoding, except for the initial value. | |
When the order of the decode is not considered, there
1s no need for the addition of by’ and b4’ if the column

- by 18 set as the initial value. | |

35
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s generated. Similarly, the column a; is generated for

- two shifts; the column a3 is generated for three shifts;
‘the column aq is generated for four shifts.

Let us consider a signal at the cross-point of bz and aq.
‘The signal at this cross-point corresponds to that at the
cross-point of by and a3. The signal at the cross-point of
‘bz and a3 corresponds to the sum of the signals at the

cross-points bg and a; and by and ay. The signal at the

B cross-point of by and a; corresponds to that at the Cross-
point of b4 and aj1. Therefore, the signal at the cross-
‘point of b3 and ‘a4 corresponds to the sum of the signals

at the cross-points bg and a; and by and aj. Similarly, the

-signal for the b3 and a3 combination corresponds to that
for the bs and a4 combination; the signal for the b3 and

35
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- 1s decoded and generated.
- serial format.

'FIG. 6 shows a block diagram of an error data cor-
recting system based on the principle as described

above. A data input signal to be corrected is applied to

an input terminal (IN) of the error data correcting sys-
tem. In the data input signal, n data words and two

check words expressed by Wi to W, are used as one

block and each word is comprised of 4 bits. The data
Input signal is supplied to a P decoder (11) and a Q
decoder (12), which operate in bit parallel and word
serial modes. Upon receipt of the data input signal, the
P decoder (11) produces the syndrome (S1) and the Q

~decoder (12) produces Ti—(#+1S;. The P decoder (11)

Is comprised of a register (111) for performing an addi-
tion (exclusive OR) as described above and a buffer
(112). The Q decoder (12) is comprised of a register
(121) for performing an addition (exclusive OR) atten-
dant with the matrix operation as described above and a
buffer (122). o

- The Syand T'=("+DS; values decoded and generated

‘are both applied to an adder (A-1) where they are added
‘to each other. The added data is sequentially selected

from a gate circuit (G-1) by a selecting signal produced

from an M matrix generator (MG) comprised of a linear

teedback shift register to be described later. The M
matrix generator is controlled by an error word control

circuit (EC), and the output of the matrix generator and

the adder A-1 are added by an adder (A-2), so that W,
W, is generally shifted in bit

In this case, if SIQT—+DSy=(m1, my m3 my),

- when j—iis 1, the M matrix generator MG produces an

65

M matrix selection signal in the M matrix. The lower-
most row of the M; matrix and Sy+Ti—(#+1S, are

- multiplied by the gate circuit (G-1), so that m; X 1= W,

‘a combination to that for the bsand a3 combination; the -

mX1=W3 myX1=W3 MsX0=0= W4 W1 to Wgqare
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all sum by the adder (A-2) and the summed is trans-
ferred to a serial-to-parallel converter (SIPO) where b4
of the Wy, 1s decoded.

Then, the M matrix generator (MG) produces the
second row 1100 from the bottom of the matrix and b3
of the Wj, is decoded. Subsequently, bz and bj of the
W, are decoded through a similar procedure.

W;, after decoding and generating is added to Sp in
the adder (A-3), so that the W, is decoded and gener-
ated. In this case, S; is applied to the adder (A-3),
through a gate circuit (G-2) enabled by a signal derived
from the error control circuit (EC).

Part of the input data signal is directly applied to an
adder (A-4) through a delay circuit (DL) after a delay
of one data block. When the input data signal has no
error, the decoding section produces “0”. In this case,
the input data signal is derived directly from the output
terminal (OUT).

When the first error word, Wj; is received, the de-
coded W;. is transferred to an adder (A-4), so that the
correct data W; is reproduced and derived from the
output terminal (OUT). When the second error word
W/ is received, the gate circuit (G-2) 1s disabled and
therefore the addition of Si is not performed in the
adder (A-3), so that Wy, is transferred directly to the
adder (A-4). As a result, the correct data W; is repro-
duced and derived from the output terminal (OUT). -

As recalled, W;, and W/, designate the dropped or
missing ith and jth data words. Accordingly, through
the above-mentioned operation, the data words Wj to
W, including such error data are correctly decoded.

The error word control circuit (EC) controls the M
matrix generator (MG) in such a way that the interval
between the error words, i.e., the information k (=) —1),
is checked and the M matrix is produced corresponding
to the interval checked. This may easily be realized by
detecting a cyclic redundancy check signal appended to
the input data signal by a cyclic redundancy check code
generating circuit including a shift register functioning
as an error pointer. In addition to the k data and a gate
signal (GS), the error word control circuit (EC) pro-
duces a clock pulse (Cp), a preset pulse (Pr), and a gate
control signal (CG), which are used in embodiments to
be described later. Such a pulse generating function
may be accomplished by using a known pulse generat-
ing device.

An embodiment of the M matrix generator (MG) and
the decoding section will be described in detail referring
to FIG. 7. It will expressly be understood that, in the
description to follow, the T matrix is treated as an auxil-
iary matrix for the polynomial x*+x+1, and the data
words Wi to W, comprise six data words eachincluding
4 bits. The ith and jth data words are dropped, i.e. in
error. An initial data generating circuit 22 inciuding an
inverter (I;) and OR circuits (OR1) to (OR3) checks the
interval k (=) —1) between the dropped data words W;
to W;. When k=1, the initial data generating circuit 22
sets 1111 in flip-flops FF; to FF;4 of a linear feedback
shift register 21 for the M matrix generator (MG) as the
initial data state. When k=2, 1t sets 1010 into the same
flip-flops. As shown, the linear feedback shift register 21
is comprised of the flip-flops FF; to FF4 and an exclu-
sive OR gate, EX-OR. Similarly, a selection signal
necessary to decode the data word W is set in the flip-
flops.

Every time a clock pulse Cp is received, the flip-flops

FF| to FF4 produce signals to select the data words W,
W3 and W».
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The selection of the data word W, from S| +T/—7S;
applied from the adder (A1) by this signal 1s performed
by AND gates G11 to G4 corresponding to the gate
circuit (G-1). The output signals from the gates are
added by the exclusive OR gates, EX-OR; to EX-OR4
to decode the data Wy, in a bit serial manner.

The decoded data is transferred to flip-flops FF, to
FF; comprising the serial input parallel output con-
verter (SIPO) and as 1t 1s shifted four times, to generate
the data word Wj,. |

In FIG. 7, Pr is a signal to preset the initial value (a
selection signal to the uppermost row, or Wi, of the M
matrix 3 of the M matrix in this embodiment) at the first
stage of the decoding operation. Cp is a clock pulse for
reading out W1, W4, W3 and W3 and is set in the flip-
flops FF to FF4 as a selection signal to decode W by
the first preset signal Pr.

At an instant that the first clock pulse Cp sets W to
the flip-flop FF,, it is changed into a selection signal to
decode W4 in the FF to FF4. When the flip-flops sec-
ond pulse Cp sets W1 in the flip-flop FFj and the W4 1n
the flip-flop FF,, the contents of the flip-flops FF; to
FF4 simultaneously change the selection signal to de-
code W3. Subsequently, W3 and W; are set into the
flip-flops FF, to FFq, so that the decoding data are set
therein by four clock pulses Cp such as FF (W3),
FEy(W3), FF(W3) and FFzW).

Explanation will be given about the decoding of the
error data components Ws,and W3, of the W3' and W5’
as specific examples. In this case, the error words are
the second and fifth words, so that k=j—i=3. Further,
mi=1, my=1, mj=1 and m4=0.

Firstly, the flip-flops FF| to FF4 are set to the values
FFi=1, FF;=0, FF3=0 and FF4=1, through the in-
verter (I1) and the OR circuits OR;to OR3 by the preset
signal (Pr), although the preset data control signals 1, 2,
4 and 5 are “0” and only the signal 3 1s “1”. The con-
tents of the flip-flops FF; to FF4 are transferred as in-
puts to first terminals of the corresponding gate circuits
(G11) to (G14) also receiving at second terminals mj to
mg4 of the S1@T!—7S; lines, respectively.

Here, the G output is mg X FF1=*0" xX*“1”=0; the
G1z output is m3XFF2=1X0=0; the Gi3 output is
my X FF3=1X0=0; the Gi4 output 1S
mi X FF4=1X1=1. The output signals of Gj; to G4
are all added, by the exclusive OR gate EX-ORa.

Accordingly, under this condition, when the clock
pulse Cp is received, the flip-flop FF, is set to “1” and
simultaneously the flip-flops FF; to FF4 are set to *17,
“17, “0” and “0”. The signals of the m4 to mj and FF
to FF4 are transferred to the gates G to G4, so that
the gate EX-OR4 produces an output “1”, When the
clock pulse Cp is received again, the flip-flop FF,stores
“1” and ““1” as previously stored in FF, before it 1s set
is transferred to the flip-flop FF;. Simultaneously, the
flip-flops FF1 to FF4 are set to 0110. Similarly, the gate
EX-OR4 produces an output signal “0”. Then, the next
clock pulse Cp sets the FF,to “0” and the FFpand FF,
to HIH-

As a result, FF| to FF4 are 1011 and the gate EX-
OR4 becomes “0’. When the next Cp appears, the data
is transferred to the FF, so that FF, to FF,  are set to
0011. In other words, Wi=1, W>=0, W3=0 and
W4=1 and this state expressly indicates the Ws, itself.

As seen from the circuit of FIG. 6, in decoding the
data word W»o the Wy', Ws.and S are added by the gate
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circuit (G-2) and the adders (A-S) and (A- 2) As prew-

ously stated, Sl-—- WD WSe o

Wi = -5’1 S Wse
= [0011] @ [1001]
= [1010]

With this cgntents, we have
Wy = W5’ and W,
= [1000] + [1010]
= [0010]. .
~ Additionally, the data ._word Wi is
Ws = W5 + Ws, |
= [1110] + [1001]

= [0111]

In this way, the Original 51gnal Wj and W; ﬁiay be de-

10
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shift register in FIG S is shifted four times. Accord-

ingly, the data words W4to W» are decoded but the data
word W 1s not decoded since the signal b1 to decode
W1 is not generated. |

In this embodiment, when the third shift pulse Cp is
generated, the gate control signal CG is made “1” and
the initial value data by is added to the D input of the
flip-flops FF; to FF4 through the AND gates Ggto Gy,
thereby to produce the b;. By using the by, Wi is de-
coded. |

In this way, the data words Wy, W3 and W are de-
coded subsequently.

The explanation to follow is for a process to decode
only the error components Wj, and Wjs of the data

- words Wy and Ws'. In this case, the error words are the |

20

coded. The number of the data words and the number .

of bits of one word may be properly selected. For exam-
ple, the circuit construction requlred when a data word
comprlses 14 bits is illustrated in FIG. 8. The circuit

shown in FIG. 8 may be con31dered as a sn'nple exten- |

sion of that of FIG. 7.

~ In the foregoing descrlptlon the initial value of the
linear feedback shift register 21 is set with the data a, of
the data to be decoded aj, az, a3, ... ag...a,; However,

direction of the shift register is reversed ‘the decoded
data are obtamed in the order of al, ag, : ag 1, g4 1.

. am, ag |

The major feature of this embodlment resides in that
the data are decoded in the order of Ag, Am, Am—15 . - -
. a2, a1 or in the reverse order, or that, to
obtain the column b1, the b row (=a,) or the by row is
- set as the initial value of the linear feedback Shlft regls-
ter 21, without adding by’ and by'. I

Another embodiment of the invention will be de-'

scribed refernng to FIG. 9. The assumption similar to
that of FIG. 7 is also employed in this embodiment. As
shown, a linear feedback shift register 31 for the M

matrix generator (MG) is comprised of flip- -flop circuits

FF) to FF4, exclusive OR circuits EX-OR1{, and EX-

25

when the initial value i is set with the data ajand the shift 30
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OR;5to EX-ORgand AND gates G,~Gg. An initial data
generator c:1rcu1t 32 1s comprised of inverters I; and I,

and OR circuits OR; and OR3. Depending on the data :

k(=j—1) applied from the error word control circuit
(EC), the initial data generator circuit 32 sets a selection
signal to decode the data word W4(W,) in the linear
feedback shift register 31 as the initial value, by mgnals
di to d4. In this case, the setting of the initial value is of
course made by a preset signal Pr. The initial value set

is 0111 when k=1; it is 1101 when k= =2:1t1s 1100 when

k=3. Slmllarly, a selectlon signal to decode W4 1s set.
~ Every time the clock pulse Cp is supplied, the flip-
flops FF) to FF4 produce signals correspondmg to the
data words W4 to W». -

- In response to this signal, the selection to decode Wi
from the S$;PTI—7S; is performed by the AND gates

50

33

second and fifth words, k= J—1~—-5 2=3.

When k=3, only the line 3 is “1” and the remaining
lines are “0”. Accordingly, 1100 are set in the flip-flops
FF1 to FF4 by a preset signal Pr. The outputs of the

flip-flops FF; to FF4 and the signals mg4 to m; of the

S1@T!—7S; are ANDed together by gates G11-G 4. As
a result, the output of Gij is myXFF1=0x1=0; the
output of Grais m3 X FF,=1X 1=1; the output of Gy3 s
myXFF3=1X0=0; the output of G is
mi X FF4=1X0=0. When the outputs G1to Gsare all
summed by the gates EX-OR; to EX-ORu.

- 0p10@0=1 and therefore the data word Wy is pro-

duced. When the clock pulse Cp is received, the flip-
flops FF to FF4 are 01 10 Durlng thlS the signal CG 1S
HFO!!' |
In other words, the Q output signal of FF; sh:fted to
FF3; the Q output signal of FF; is shifted to FFj3 is
shifted; the Q output signal of FF3 to FF4; the result of
the addition of the Q outputs signals of FF3 and FF4 is
shifted to FFi. -

As a result, the outputs of those ﬂip-ﬂ0ps FFito FF4

- and the signals m4 to m; are ANDed together and the

results of the ANDed ones are summed to be “0”, so
that W3 generated.

Similarly, in response to the clock pulse Cp, the flip-
flops FFito FF4are 1011 and are ANDed together with
the signals mq to mj so that the result of the addition of .
those ANDed ones becomes “0” and the word W is
generated. Then, every time the clock pulse Cp is re-
ceived, the signal CG is made “1”,

In response to the clock pulse Cp, the addltlon of the
initial data set 1n the flip-flops FF3, FF4 and FFj,
11P1=1, is set in the flip-flop FF 1. The addition of
the output data of the flip-flop FF and the initial data of
the flip-flop FFy, i.e. 1 1=0, is set in the flip-flop FF,.
The addition of the output data of the flip- flop FF» and
the initial value of the flip- -flop FF3, 00=0, is set in

- the flip-flop FF3. The addition of the output data of the

ﬂlp-—ﬂop FF3 and the initial value of the flip-flop FF4,
Le. 10=1, is set in the flip-flop FF4. Through those

- setting of the flip-flops, the flip-flops FF; to FF4 are

'60

- G11to Gig corresponding to the gate circuit (G-1). The

output signals of those gates are summed by the exclu-
- sive circuits EX-OR; to EX-ORy4 corresponding to the

adder circuit (A-2), with the result that the data Wje is
- decoded into bit serial data.

In this case, however, the linear feedback shlft regls-_

'_ter 31 produces the vector va]ues obtamed when the

65

1001.

Those output signals of the flip-flops and the 51gnals
m4 to mj are ANDed together and summed to be “1”, SO
that the data word W is sent out. .

In this way, Wy=1, W3=0, Wg—-O and W1 =1 as the
data word Ws, is generated. ;

- As seen from FIG. 6, the decodmg of Wz 1S reahzed

- by the addition of Ws,, W5’ and S;

Since S1= W1 Ws,,
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Wi = 51 @ Wse
= [0011] & [1001]
= [1010]
5
Hence
WZ — WZ; D WZE
= [1000] @ [1010]
_ [0010] 10
The signal Ws 1s
WS = WSI ) WSE 15
= [1110] & [1001]
= [0111]
In this way, the original signals W2 and W5 may be
decoded. 20

In the embodiment shown in FIG. 9, the number of
the data words and the number of the bits of one word
may properly be selected as required. An example when
one word is comprised of 14 bits is illustrated in FIG.
10. As shown, the circuit construction of the FIG. 10 is ”s
a mere extension of the circuit construction shown in
FIG. 9. ..

In the above-mentioned embodiment, the initial value
of the linear feedback shift register 31 is set with the
data a,, of those data to be decoded aj, az, a3, . . . ag, . . 5
. an. However, when the initial value is set with the data
a1 and the shift direction of the shift register 1s reversed,
the decoded data are obtained in the order of ai, ap, a3,
.+ dg—1, 3g4+1, - - - dm, dg.

The major feature of this embodiment resides in that 45
the data are decoded in the order of, a,;, a;—1, . . . g1,
ag, ag—1, - . - a2, 1 OF in the reverse order. To obtain the
column by, by’ and by’ are added and a,, or aj is set with
the initial value of the linear feedback shift register 31.

Referring now to FIG. 11, there is shown another 44
embodiment of the error data correcting system accord-
ing to the invention. The assumption similar to that of
FIG. 7 is also employed in this embodiment.

As shown, a linear feedback shift register 41 for the
M matrix generator (MG) is comprised of flip-flops 45
(FF)) to (FF4) and an exclusive OR circuit (EX-OR).
An initial data generator circuit 42 is comprised of in-
verters (I1) and (I3) and the OR circuits (OR3) and
(OR3). Depending on the data k (=j—1) applied from
the error data control circuit (EC) shown in FIG. 6, a 5p
selection signal to decode W4(W,) is set as the initial
value by signals d; to d4 in the linear feedback shift
register 41. The setting of the shift register 41 is of
course made by the preset signal (Pr). The preset signal
(Pr) is used to set the initial value in flip-flops (FF;) to 55
(FF,) to be described later and clears the flip-flops. The
initial value set in the flip-flops is 0111 when k=1; it 1s
1101 when k=2; it is 1100 when k32 3. Similarly, a
selection signal to decode the signal W4 is set therein.

Every time the clock pulse (Cp) comes in, the flip- 60
flops (FF1) to (FF4) produce signals (W4) to (W>).

The selection of the data W, from the S14+77—7S; by
this signal is made by the AND gates (G11) to (G14)
corresponding to the gate circuit (G-1). The addition of
the output signals from the AND gates (G1) to (G4) i1s 65
made by the exclusive OR gate (EX-OR3) to (EX-OR4)
corresponding to the adder (A-2), so that the data (W)
is decoded in a bit serial manner.

16

However, in this case, the linear feedback shift regts-
ter 41 produces the vector values when the shift register
shown in FIG. 5 is shifted four times. Accordingly, the
(W4) to (W3) are decoded but the (W) 1s not decoded
since the (by) to decode the (W}) is not generated.

The embodiment described above does not produce
the output signal from the exclusive OR gate (EX-OR4)
directly, but the output of gate EX-ORy4 is supplied to
the flip-flops (FF,) to (FF.). The exclusive OR gate
(EX-OR19) adds the output of EX-OR4 and FF,. to de-
code Wji.

The flip-flops (FF;) to (FF.) are cleared simulta-
neously with the setting of the initial values of the flip-
flops (FFi) to (FF4). The linear feedback shift register
41 generates the signal (by’), not the signal (bj) to de-
code (W), after the selection signals to decode (W4),
(W3) and (W) are generated. The addition of (W) and
(W4) selected and decoded by (bi') is equivalent to
decoding (W) by adding (by’) and (bs’').

By adding (W4) and (W) left in the flip-flop (FF.) by
the exclusive OR gate (EX-OR19), even when the linear
feedback shift register 41 produces (bj’), (Wi) 1s de-
coded, so that, as a whole, (W4), (W3), (W2) and (W))
are decoded in this order.

The decoding of the error data components Wy, and
Ws.of the W' and W' will now be described. Since the
error words are the second and fifth words,
k=5—2=3, only the line 3 of the initial preset data of
the FFi to FF4 is “1”, The remaining lines are “0”,
FFi=1, FF,=1, FF3=0 and FF4=0. This state of
those flip-flops is set up by the preset signal Pr. At the
same time, the flip-flops FF, to FF, are cleared.

Here, since mi=1, ma=1, m3=1, and m4=0, the
output of gate Gij is mg4 X FF1=0X1=0; the output of
gate Gais m3X FFo=1X1=1; the output of gate Gi31s
myX FF3=1X0==0; the output of gate G4 1S
m1 X FF3=1X0=0. Those outputs are all added,
0+ 180p0=1, and the result of the addition is deliv-
ered to the gate EX-OR 9. Here, the flip-flop FF.1s “0”
and therefore “1” of the W4 is generated first. In this
condition, when the clock pulse Cp comes in, the output
of the gate EX-ORy4 is set in the flip-flop FF,; while at
the same time the flip-flops FF to FF4 are set to 0110,
respectively. .

Those output signals are similarly applied to the gates
G11to Gig to select the signals mg to mj. Since they are
added, the output of gate EX-OR4 becomes
0 1P 1§0=0. The output signal is added to the output
(“0”) of the flip-flop FF, so that W3=00=0 1s sent
out. With the next clock pulse Cp, FF,=0 and FF,=1,
so that FF; to FF4are 1011: Similarly, those outputs are
transferred to the gates Gi; to Gi4 where they are
ANDed with the signals m4 to m;. The outputs of the
AND gates G11-G14 are all added. Here, the output of
the exclusive OR gate EX-OR4is 00 1p1=0. This
signal is added to the output (0) of the flip-flop FF,,
0p0=0, and the result of the addition 1s generated as
Ws. _

When the clock pulse Cp sets the FF, to FF.t0 0, O
and 1, FF,=0, FF;=0 and FF.=1, the flip-flops FF, to
FF4 are immediately set to 0101, respectively. Those
outputs are transferred to the gates Gij to G4 where
they are ANDed with the signals m, to m,. The outputs of
the AND gates G,,—G,, added, 0 10D 1 =0. In other
words, the output of the gate EX-OR4 becomes “0”, As
a result of the addition of the output “0” of the gate
EX-OR4 and the output *“1” of the flip-flop FF,, the
gate EX-OR19 produces 01 =1, i.e. W. In this way,
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Wi=4, W3=0, Wr=0, and W;—-l as Wse, are de-
coded.

- As seen from FIG. 6 to decode Wz, Wse and S; are

first summed to give Wj.. Next, W1, is summed w1th

’Wz to glve Wz Slnoe S1— W;zg@ Wse,

| er“" Sl @ Wse
= [0011] @ [1001]
= [1010] |
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number of the components needed is considerably re-
duced. Accordingly, the error data correcting circuit

- with the linear feedback shift register realized by the

5

- 10

- From this, we hav_e

Wy @ Wi

=
—'[1000] & [1010]
= [0010)

The signal Ws is given

- Ws=Ws' @ Ws,
= [1110] @ [1001]
= [o111] -

15

20

In this way, the original signals Wiand Wsare decoded.

In the embodiment of FIG. 11, the number of the data
words and the number of bits of one word may properly

be selected as required. An example of the circuit con-

struction when 14 bits are used for one word is illus-
~ trated in FIG. 12. As seen from the figure, the circuit
construction shown in FIG. 12 is a mere expansmn of
the circuit shown in FIG. 11.

In the embodiment shown in FIG. 11 or FIG. 12, the
initial value of the linear feedback shift register 41 is set
‘with the data a,, of those data to be decoded aj, aj, as,
~...ag...ay However, when the initial value is set with

the data aj and the shift direction of the shift register is
- reversed, the decoded data are obtamed in the order of
al: az, as, . 33—-1: dg4+1, . « » Amy Ag.

The ma_]or feature of thls embodlment resides in that
in order to obtain the column b; for decodlng the data in
the order of apm, am—_1, .. . ag4a, 8g, 3g—1... 23, a)0rin
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the reverse order, Wy’ and Wy are added in plaoe of the

addition of by’ and b4’ to obtain equivalently Wy, and

a,n Or a;1s set w1th the 1n1t1al value of the linear feedback
shift register 41.

‘The M matrix generator for decodmg usmg the linear

45

feedback shift register is applicable for the system for

directly decoding W; and W_, without adding all of the
‘data words.

The error data correctmg circuit is well adapted for a
system for transmitting, recording or reproducing dlgl-

50

tized information signals by PCM, for example. It is
evident that the invention is applicable for other suit- __

- able digital systems within the scope of the invention.

As described above, according to the invention, in

 constructin g the M matrix generator for decoding, a

large capacitive ROM is not needed and hence the M

matrix generator thus constructed is smlple in construc-

tion and exhibits hlgh speed in data processing. Further,
'when the matnx is fabrloated by LSI technology, the

93 said controlling means includes means for establishing

an initial value in said linear feedback shift register by

: dlreotlon

0

invention has such excellent features.

* What is claimed is:
-~ 1. An error data correcting system in which a group
of n data words (W) through (W,) each including m
bits has associated therewith a P check code |

n
.(P= 2 W,)
- r=1

and a Q eheok code

_ (Q— gt D)- fw) '
| - r=1

“the system bei'ng capable of correcting erroneous data

words W;. and W, the system comprising:
first means for decoding said P check code to gener-
~ ate a first syndrome data word Sy;

second means for decoding said Q check code to
generate a second syndrome data word Sy; -

first means for summing corresponding bits in said
syndrome data words S; and S3 to produce a syn-
~drome sum data word;

M matrix generator means for generatmg an M matrix
corresponding to M(x)=Xm-- X8+ 1; |

means for controlling said M matrix generator means

 to produce M matrix selector signals;

- second means for summing said syndrome sum data

word and said M matrix selector signal to generate
a first intermediate data word Wi

third means for summing Wj. and S; to generate a
- second intermediate data word, Wj; and

means for combining (1) the data words Wj, and W,
to produce corrected data word W;, and (2) the
data words W, and W;. to produce the corrected
data word W;.

2. A data correcting system according to claim 1

“wherein said M matrix generator means comprises a
linear feedback shift register.

3. A data correcting system according to claim 2
wherein said controlling means-includes means for set-
ting said linear feedback shift register to a value corre-
sponding to the difference in relative positions i, j of

- said erroneous data words Wi, and Wie reSpeotlvely, in

sald group of n data words.

‘4. A data correcting system aoeordmg to claim 2
wherein said linear feedback shift register has a forward
shift direction and a reverse shift direction and wherein

shlftmg the contents thereof one position in said reverse

* % %k %k %
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